The real problem here is not only to define medical care (for example, as distinct from the care provided by welfare services), but to define it within the context of the National Health Service with its wholly artificial separation between what is largely curative and what is largely preventive medicine, and with its division of responsibility at different stages of illness with sometimes inadequate provision for continuity of care. There are overlaps wherever one turns. The most that can be done is to define medical care in terms of responsibility, i.e. as any treatment given by or under the supervision of a medical practitioner. This still leaves a wide and untidy field and begs the question of defining treatment, except that it clearly includes all prophylactic procedures, individual surveillance for preventive purposes and even health education. It is proposed immediately, therefore, to restrict the field severely by excluding the assessment of public health measures, which goes back at least to William Farr if not earlier and for which well-developed and widely practised methodology exists. It may be remarked in passing that the public health problem is a little more difficult than it was. It is fairly easy to assess the relative effects of lowered fertility, improved obstetrics and the introduction of health visitors and maternal and child welfare clinics in the dramatic reduction in infant mortality at the beginning of this century. Assessing the effect of a specific anti-smoking campaign in 1967 against a background of other influences is more difficult. Surveillance systems are even more difficult. Many of the insidious processes of disease are also irreversible and the advantage of early diagnosis may in such circumstances be in doubt.
So we restrict ourselves to a narrower concept of medical careperhaps that understood by the man-in-the-streetwhat he goes to the doctor for and what the doctor does for him. We consider diagnostic procedures and remedial or palliative treatment for diagnosed disease.
In industry there are now highly developed techniques for measuring and controlling the quality of productions; and for ensuring that scarce skills are economically used. The objective, for example the production of metal alloy wire of a particular gauge and with specified characteristics of tensile strength, electrical conductivity, &c., can be precisely defined and tolerance limits can be set beyond which the product would not be acceptable to the consumer. Sample measurements are taken in the course of production and these are plotted. When the records show significant departure from normal operation, or when the tolerance limits are exceeded, the jigs are reset or other adjustments are made to the production process. These quality control procedures were developed by statisticians during World War II and are now routine, requiring only standard charts and sampling procedures and little skill for their application. A great deal more than this can be done in industry by the application of modern operational research techniques. The behaviour of a new engine can be predicted before it is actually built. Whole systems of production, for example the production of steel, can be made to be self-controlling to standard behaviour which is more efficient than manual control. Communication networks can be optimized exactly, instead of as formerly by rule of thumb, so that goods can be distributed from factory to warehouse and from warehouse to consumer with the least overall transport and, of course, the least cost.
How much of all this is transferable to medicine ? Before I deal with the difficulties I must deal with something more importantthe barrier of attitude. Some twenty years ago a paper was read to the Royal Statistical Society which dealt with the analysis of hospital records (then it was conventional punched card machines: twenty years later we have not got much farther even with computers) and the author referred to follow-up records of standard operations and spoke of establishing a basis ofcomparability; then, he said, 'the experience of Mr X could be matched against that of Mr Y with more assurance than either party can enjoy at present'. The words were perhaps not well chosen and they produced a very firm reaction from the late Professor Greenwood who said: 'With regard to the reference to matching Mr X with or against Mr Y that will be all right as ajoke over a cup of tea, but it is dangerous to joke over serious matters; the faintest suspicion that hospital records compiled on a national system would ever be used to the glorification or the disparagement of individuals would kill that system in utero and I suggest that the joke might be omitted from the paper' (Cotton 1948) . Neither speaker meant exactly what he said, but the exchange of view was significant of a resentment that quality as well as quantity might be recorded in a field hitherto reserved from this kind of scrutiny. I doubt if the sensitivity here has diminished in the period of twenty years that have elapsed. Medicine is not alone among the professions in this kind of reaction. Most professional men resent examination of the quality of their work. Action about negligence is one thing; monitoring individual performance against a standard is another. But, of course, this is not what was intended. It is not a question of pillorying individuals. What we are concerned to do is to examine the resources for medical care as a system and as a result of this examination to make such adjustments as to secure that it operates at optimum conditions; to obtain sufficient knowledge to be able to predict the likely results of different courses of action so that those who operate the system can select the correct course of action on the basis not of habit, or impression, but of hard analysis of past experience. There is no need to consider individual cases except as members of groups. Much progress can be made merely by the measurement of the average results of average treatment for well-defined conditions. When we have got that far, we can start thinking about the next step if any.
We come back to our industrial analogy. We need to define the objective of our system. This is presumably the restoration in the individual patient of normal activity or of as near normal activity as is compatible with any residual disability remaining after or even constituting part of the treatment, e.g. an amputation. It seems to me that there is an immediate gap here. I suspect that little is recorded about post-recovery activity and that often too little attention is given to its surveillance. Years ago when tuberculosis in young adults was a severe problem involving longterm surveillance, not only was return to work carefully recorded but also changes in the mode of employment (Foster-Carter et al. 1952 ). This has undoubtedly continued but the problem is diminished in size and the period of surveillance happily is shorter. For some diseases, for example malignant neoplasms, survival may be regarded as an objective in itself and in this sense the national cancer registration system does at least provide a measure of the average results of average treatment though this is no longer held to be its main objective, as it was by its initiator Percy Stocks, and very little of the results has been published for a very long time. This, in my view, is because it has been running too long as an overcentralized ad hoc system like HIPE (Hospital Inpatient Enquiry). There is no local interest. It is high time that it was integrated with the local hospital information systems which I did my best to set up when I was with the Ministry and which we called Hospital Activity Analysis.
To return to our theme, it is very difficult to assess attainment of objective for the simple reason that the vast majority of patients are not observed to the point of recovery. Discharge from hospital care means that a decision has been made that there is nothing further for the hospital to do.
In modern conditions of shortage this is a matter of economic as well as medical policy. It is assumed either that the patient is able to care for himself or that he will return to his general practitioner. If the patient decides not to return to the general practitioner this can mean that he learns to live with some accepted residuum that need not be accepted. There is no record of this. If home nursing is required from the local health authority this may be ordered by the hospital or by the general practitioner. Intercommunication between the two parties may be incomplete or delayed. If the patient does return to his general practitioner the record is still incomplete. When the patient feels well he ceases to attend. The assessment is his not the doctor's. The gap in knowledge is important. For example, some coronary thrombosis patients are kept in hospital for many weeks; some are discharged after a short stay to the care of their general practitioner. What difference does it make to the patient? There is no generally available means of knowing. There are clinical trials of drugs but for a wide range of diseases there is no provision for assessing the ultimate (as distinct from immediate) outcome.
When we leave consideration of attainment of objective and turn to ways of attaining the objective we find an even greater lack of information. If we consider an episode of sickness involving admission to hospital, it becomes clear that the monitoring of the therapeutic process is very uneven. A great deal is now recorded about some aspects of hospital treatment; very little is known about all aspects of general practitioner treatment.
To deal with the better part of the picture first, let me mention what I tried to do in the hospital service while at the Ministry of Health to introduce hospital activity analysis (Benjamin 1966 ).
There has to be a basic information system to provide a vehicle for the extensive storage of clinical data; an information system into which the various disciplines in the hospital can feed data, and retrieve them, and which, moreover, serves as a means of communication between the disciplines. The computer provides the means to this end.
We have been beginning by rearranging some of those statistical processes already carried on in hospitals to include information about patients, and about the use of care facilities. This information is rapidly fed back to the hospitals in order to provide the administrators, and above all the medical staff committee, with information that will be of direct assistance to them in improving the organization of the hospital.
All hospitals maintain registration procedures, which are initiated by the patient's first contact with the hospital, and which embody the principles of what is known as the unit system. The main object of these procedures is to ensure that the clinician can at any time retrieve from the record library a particular patient's case history which covers all his previous contacts with the hospital, whether the record is referred to by unit number, patient's name, diagnostic entity or surgical operation. For this purpose there are usually manually operated card indexes for the three main axes of classification -number, diagnosis and operation. In addition hospitals maintain waiting lists, admission and discharge registers, and often ancillary statistical records of out-patient attendances and in-patient treatment, even if these records are kept only in ledger form.
The common factor in all this documentation is the patient. The new system telescopes these documentation procedures in such a way that one card or sheet of paper is associated with the patient in all his contacts with the hospital and forms a single vehicle for carrying a summary of all the hospital activity which he generates; this summary sheet is translated on to a punched card for data processing. Given that there is access to dataprocessing facilities in the hospital, these cards can be processed automatically, replacing both the existing statistical procedures and the manual indexes of diagnoses and operations, so that information about its activity can be given to the hospital on the basis specified by the hospital, and also can be contributed to regional and national surveys.
Information that can be provided in this way for local use includes an analysis of the waitinglist by specialty and by individual consultant, tabulated according to the patient's age and sex, the degree of urgency, and the length of time he has been waiting; summaries can be provided for the use of individual consultants showing the total number of cases treated during a given period, the patients' lengths of stay, the turnover of patients, and how the beds were occupied; figures for preceding periods can also be shown for comparison, and diagnoses can be tabulated. The consultants are able to discuss their work with reference to hard facts which demand explanations. They become intimately involved in the system, and take a direct interest in it. They also find that the more information they put into the system the more they get out. Diagnoses are frequently written up more promptly, and the standard of data recording rises.
In psychiatric units the system is at present more centralized, partly on account of the more specialized disease coding involved, and partly to facilitate the updating of a national register of patients to serve as a basis for cohort studies.
The basic data summary must, of course, provide not only the essential minimum of information for national surveys, but must also haVea degree of flexibility in its contents to permit purely local needs to be satisfied. This is a vital requirement if we are to maintain that sense of the hospital's involvement which will sustain the personal interest of the clinician. There is no reason why the system should not be used as a research tool, the contents of the record varying from period to period so that the data required can be accumulated.
The result of all this is that management, at all levels, is more aware of what is happening in the hospital, and is quickly informed of the results of their earlier decisions. There are the basic ingredients, in this system, of what we call a 'control system', i.e. the results of changes in practice are reflected in the alteration of flows and pressures in the hospital, which are fed back immediately to management to bring about changes in practice to relieve these new pressures. The system is able to provide for instant adaptation to a situation, before minor troubles can gather into major difficulties. As clinicians gain confidence in the objectivity of this information and control system, the limited resources of the hospital can be shared more equitably between those making demands on them, in the central interest of the patient, without fear of 'loss of advantage', or resistance based on subjective reactions. Given this kind of basic vehicle for information, storage and retrieval, extensions can be made far beyond the original administrative potential. In the original feedback a minimum uniform content is laid down in order to permit integration to regional and national tabulations and analyses. Above this minimum, encouragement is given to provide the greatest possible local orientation and flexibilityadding things that are locally necessary, for such periods of time as are required to satisfy a need, and then discarding them. The vehicle can then be loaded in a number of different ways:
(1) The addition of more and more clinical material as this becomes effectively documented, and the technical means of input and retrieval become more developed. This will eventually provide rapid reproduction of individual histories, and, collectively, a matrix of probabilities linking symptomatology, diagnosis and prognosis as an extension of the human memory, and not as a substitute for judgment. In particular it is likely that, just as there is at present a special part of the total transcript for obstetrics (because the data requirements are special), so there will be special extensions for other types of cases, e.g. cancer registration could be absorbed in the system; there could be special treatment of radiology and pathology.
(2) As different disciplines in the hospital begin to feed in to the common record they automatically become joined together in better communication, via the information system, with each other.
(3) Given the development of better data links to the computer from remote print-in heads, and the adoption of a uniform numbering system for identifying patients, there is no reason why the general practitioner and the medical officer of health should not be connected to the system. This would then provide prospective record linkage, i.e. the data would be posted to a common record at the moment of recording instead of retrospectively (after records have been created in separate places) as in current systems. The general practitioner, for example, would be able to recall the whole record for diagnostic and therapeutic assistance. This is very important because, unless record linkage provides for feedback, its value is considerably diminished. (4) Better data links will mean more on-line collection and pre-processing of records, for example, parameters of ECGs. (5) Cancer registration and other forms of statistical surveillance can be automatic by-products. (6) The advantages of automated result posting and error-control in pathology can be exploited.
We have here at least a means of collecting information of what happens to patients in hospital.
What the general practitioner does and why he does it is known to him at the time. In some cases it is recorded in its bare essentials. Most of the record is committed to that fading document, the human memory. Systematic recording in the absence of a secretary or a mechanical aid and with an average of only six minutes or so of consultation time is impracticable. There have been a large number of studies of work load in terms of hours of work, attendances and visits and occasionally in terms of patterns of conditions treated but very few investigations of patterns of treatment.
A good deal of effort is devoted by the Ministry of Health to building up a picture of the facilities available to general practitioners; their work load, their volume of references to hospital, their methods of record keeping, their access to various diagnosis facilities, &c., but this information cannot at present be related to what happens to the patient. Similarly there is a highly efficient system for monitoring the NHS pharmaceutical service but it has to have, at present, the necessary but entirely negative objective of keeping down costs because there is no available record connecting the prescription and the diagnosis for which the prescription is made (Benjamin & Ash 1964) . It is possible to tell a doctor he is expensive; it is not possible to tell a doctor he is not sufficiently expensivefor example, that by using a more expensive drug he could keep patients out of hospital and/or return them to work earlier, thus in fact reducing the overall cost to the economy of the overall episode of sickness. A number of prescribing studies have been carried out which do connect prescription and diagnosis but there is no general information flow.
Information of hospital clinical, as distinct from administrative, activity is beginning to emerge from general computer application to this field but there is no information of general practitioner activity. General practitioners are busy people but no one knows what this business really means. I am not 'knocking' the general practitioner service. I have looked at other national health services and I consider our general practitioner service to stand comparison with any.
Indeed, my plea for information is based on the belief that a comparison based on facts rather than impressions would greatly enhance the 'image' of the modem British family doctor. What we need is some secretarially assisted activity analysis similar to hospital activity analysis covering all the various kinds of action from minor surgery to therapeutic conversation and form filling which the general practitioner is called upon to undertake.
To sum up, it is clear that to make good group measurements of the quality of medical care, indeed of overall treatment, requires a system which deals with the whole episode of disease. I am not overlooking the one or two pieces of good ad hoc research on these lines and especially the morbidity system of the College of General Practitioners. But the former are 'once for all' efforts and the latter is restricted to volunteers who form a selfselected and biased sample. We need something far more systematic and comprehensive. We need a system of community health records in which the computer with the general practitioner as the natural focus joins into one information system the patient and all those who have anything to do with his care. The technological means have been solved to the extent that massive, not timid, experimentation is feasible. Computers with the necessary capacity for real-time working are getting cheaper and smaller and more reliable. Means Section ofEpidemiology andPreventive Medicine 813 of access to the computer and interface techniques generally are improving all the time.
At the outset nothing more sophisticated is needed than a relatively simple transcription form for each episode of sickness. Later one can consider remote input devices for direct communication with the computer. One of these days the general practitioner may be able to display the whole updated medical history of a patient (including his hospital record) on a television screen or to have it printed out in a few seconds. But to make even a beginning there must be a reassessment of priorities. If the general practitioner is to be the focus of a proper assessment of medical care, as he should be, then a really determined effort will be needed to give him the necessary assistance and equipment and much closer ties with the hospital services. I am confident that in the long run it would save money, i.e. that costbenefit consideration would justify the necessary capital expenditure. Academic Record and Subsequent Career Medical care research has been preoccupied with methods to measure quantitative and qualitative variations of performance, for example in general practice (Peterson et al. 1956 ) and in teaching and non-teaching hospitals (Lee et al. 1957 ). There has been speculation about possible reasons for the differences discovered but not much attempt has been made to identify determinants of quality or to take action thereon.
Our work suggests that the present training system for young medical graduates exaggerates inequalities by favouring the talented and handi-capping those who most need adequately supervised training in the years immediately after they graduate. Further, the specialties do not receive equal shares of talented recruits, about half of whom enter two or three branches of the profession while some other branches attract hardly any.
Methods
In 1961 one of us (F M M ) surveyed by questionnaire about 9,500 medical students who were then in British universities. This investigation covered social background, previous educational experience, reactions to subjects included in the medical curriculum and to life as a medical student, and ideas and aspirations about ultimate careers. In 1966 we further investigated by postal questionnaire a 50% random sample of United Kingdom citizens who had originally provided information when they were second, fourth or sixth year students in 1961 and who had since completed the course and registered (Table 1 ). In view of the difficulties encountered in tracing these geographically mobile young people and discovering the married names of women who graduated while still single we consider a response rate of 86% quite satisfactory. Personal contact with approximately 20% of non-respondents still resident in Britain was achieved by interviewers from a market research organization; this showed that non-respondents were more mobile and less cooperative than respondents, but not otherwise different.
In addition to the information collected by questionnaire on two occasions five years apart we have obtained from medical schools some details of performance in examinations. We have used this as our indicator of ability, and because examination procedure (and possibly standards) differ between medical schools we have considered performance in major examinations only. This has been classified as follows: graduated with honours or distinction; graduated without failure, or after one, two or three or more failures in major examinations; or qualified with a Conjoint Diploma without failure or after one, two or three or more failures in major examinations. Major examinations are defined as those in anatomy and physiology, pathology and bacteriology, and medicine, surgery, obstetrics and 
